Five different di-O -alkylated pentaerythritol phosphoramidite building blocks (2a-e) were synthesized and introduced into oligonucleotides to obtain mass-tagged probes (6a-f ) useful in RNA transcription profiling. These non-nucleosidic mass tags allow categorization of oligonucleotide probes having identical nucleoside content and, hence, identification of the probe hybridized to RNA by mass spectrometry analysis. Hybridization properties of the oligonucleotide conjugates were elucidated by melting temperature measurements.
Introduction
Screening of RNA expression levels in cells is usually based on microarray technology; labeled RNA is hybridized to solid-support anchored oligonucleotide or DNA arrays [1] [2] [3] [4] [5] . If only a limited number of gene expression products (or transcripts) is of interest, a complementary approach is possible. The RNA sample is hybridized in solution with a pool of oligonucleotide probes and the hybrids formed are captured to a solid support with another affinity labeled probe [6, 7] . The oligonucleotide probes that become immobilized to the solid phase by this sandwich hybridization are then identified by mass spectroscopy. Since relatively short probes are used, occurrence of identical base contents and, hence, identical masses is inevitable. To differentiate between such probes, mass tags may be tethered to the 5'-terminus of the probes employed [8] . We now report on synthesis of di-O-alkylated pentaerythritol phosphoramidite reagents and their solid-supported incorporation to the 5'-terminus of 2'-O-methyloligoribonucleotides to obtain mass-tagged oligonucleotide probes. Oligonucleotides bearing three such non-nucleosidic units have been shown to exhibit virtually identical hybridization efficiency. In other words, the identity of the mass-tag does not affect the duplex stability as long as the number of the non-nucleosidic blocks remains constant. The mass-tags described above also influence on the capillary electrophoretic migration of the conjugates, in spite of the fact that all the conjugates have the same overall charge. To find out whether this property may possibly be exploited in the identification and quantification of the conjugates by capillary electrophoresis, the conjugates have been additionally labeled with fluorescein at their 5'-terminus.
Due to its multifunctionality, pentaerythritol (1) is a useful scaffold for construction of the desired mass tags. Two of its functions may be used to accommodate the block into the oligonucleotide backbone of the probe, while the remaining two hydroxy groups allow attachment of the entities regulating the molecular mass. For the latter purpose, five different ether groups (MeO-, d 3 -MeO-, EtO-, BuO-and PnO-) were chosen and five phosphoramidite building blocks (2a-e) were prepared. By introduction of several such building blocks, it is possible to create a sufficient number of mass categories for the probes. In the present study, combinations of three non-nucleosidic units were used.
Results and discussion
Scheme 1 outlines the general synthesis of building blocks 2a-e. The free hydroxy groups of benzylidene protected pentaerythritol (3) [9] were alkylated with alkyl iodide or bromide to yield ethers 4a-e. Among these, 4a has been synthesized previously using methyl iodide and sodium hydride in THF [10] . Deuterated methyl ether (4b) was made similarly using methyl-d 3 iodide and ethyl ether (4c) using ethyl iodide. Ethers 4d and 4e were obtained by alkylation with butyl bromide and pentyl bromide, respectively, in the presence of a catalytic amount of sodium iodide in DMF. The benzylidene protecting group was removed from 4a-e by acid-catalyzed hydrolysis and one of the re-leased hydroxy functions was protected with 4,4'-dimethoxytrityl chloride (DMTrCl) to obtain 5a-e. To avoid a bis-tritylated product, the diol was used in excess compared to DMTrCl. Finally, the remaining hydroxyl function was phosphitylated with 2-cyanoethyl N,N -diisopropylphosporamidochloridite.
Scheme 1 (i) NaH, RI or (RBr + NaI), THF or DMF; (ii) HCl (aq), 1,4-dioxane; (iii) DMTCl, pyridine; (iv) 2-cyanoethyl N,N -diisopropylphosporamidochloridite, triethylamine, DCM.
The phosphoramidite reagents obtained (2a-e) could be used in oligonucleotide synthesis by applying a standard protocol for RNA synthesis. Oligonucleotide conjugates (6a-f) were obtained by attaching three non-nucleosidic blocks (2a-e) and 6-FAM (5'-fluorescein phosphoramidite) label to the 5'-end of the 18-mer 2'-OMe RNA sequence. After the assembly, the base protections were removed and the oligonucleotide conjugate was released from the support by standard ammonolytic treatment (33 % aq. NH 3 , 12 h at 55
• C). RP HPLC analysis verified that in each case the desired conjugate was the main product. The RP HPLC chromatograms of the crude product mixtures of 6a and 6e are given as examples (Fig. 1) . The oligonucleotide conjugates were purified by RP HPLC and identified by ESI-MS (Table 1) . In case three non-nucleosidic units are used to construct the mass tag, the five building blocks prepared (2a-e) allow creation of 27 different mass categories which differ from each other by at least six mass units. To give an example of the mass-tagged heterosequence, one oligonucleotide conjugate (6f) was prepared using blocks 2a, 2b and 2e.
Binding of 6a-f to the complementary DNA oligonucleotide sequence (ACT CCT ACG GGA GGC AGC TTT TTT) was studied by measuring the melting temperatures at pH 7.0 in 10 mmol L As a conclusion, pentaerythritol offers a synthetically flexible scaffold for creation of mass tags. Two of its functionalities can bear variable mass entities and it can be easily accommodated into the oligonucleotide probe. The number of mass-categories may be increased by increasing the number of pentaerythritol-derived blocks in the oligonucleotide or by increasing the pool from which these blocks are selected. The method enables creation of mass tags with the same total length; a feature that is important to minimize the effect on the hybridization efficiency of the probe. 
Experimental

General methods and materials
The NMR spectra were recorded on JEOL JNM-GX 400, JEOL JNM-A 500 or Bruker 400, 500 or 600 NMR spectrometers. The 1 H and 13 C NMR chemical shifts are given in ppm from internal TMS and 31 P NMR shifts from external orthophosphoric acid. The mass spectra of small molecule compounds were recorded on a 7070E VG mass spectrometer and those of the oligonucleotide conjugates on an Applied Biosystems Mariner System 5272 spectrometer using ES ionization mode and negative ion polarity. The RP HPLC analyses of oligonucleotide conjugates were performed on Hypersil ODS (150 × 4 mm, 5 μm) or HyPurity (150 × 4.6 mm, 5 μm) analytical columns, using a gradient elution from 50 mmol L −1 NH 4 OAc to 50 % MeCN in the same buffer in 30 min, flow rate 1 mL min −1 and detection at 260 nm. For semi-preparative purification, LiChro-CART Hypersil ODS (250 × 10 mm, 5 μm) column and flow rate 3 mL min −1 were used.
Melting temperature curves (absorbance versus temperature) were measured at 260 nm on a Perkin-Elmer Lambda 2 UV-vis spectrometer equipped with Peltier Temperature controller by using a rate of 1 • min −1 .
5,5-Bis[(d 3 -methoxy)methyl]-2-phenyl-1,3-dioxane (4b).
Compd. 4b was obtained as a colorless oil from 5,5-bis(hydroxymethyl)-2-phenyl-1,3-dioxane (3) as described previously [10] , except that deuterated methyl iodide was used. 
2,2-Bis(methoxymethyl)-3-(4,4'-dimethoxytrityloxy)propanol (5a)
. 5,5-Bis(methoxymethyl)-2-phenyl-1,3-dioxane (4a, 4.29 g, 17.0 mmol) was stirred for 3 h in the mixture of aqueous hydrogen chloride (1 mol L −1 , 120 mL) and 1,4-dioxane (50 mL) followed by evaporation. The residue was evaporated first from water to remove the benzaldehyde, then repeatedly from dry pyridine and the residue was finally dissolved in dry pyridine (100 ml). To this solution, 4,4'-dimethoxytrityl chloride (4.61 g, 13.6 mmol) was added. 
2,2-Bis(ethoxymethyl)-3-(4,4'-dimethoxytrityloxy)propanol (5c).
Compd. 5c was prepared from 4c, as described above for 5a, and isolated as a yellowish oil by silica gel chromatography (5 % ethyl acetate in DCM, 0.1 % triethylamine) in a 72 % yield. 
2,2-Bis(butoxymethyl)-3-(4,4'-dimethoxytrityloxy)propanol (5d).
Compd. 5d was prepared from 4d as described above for 5a, except that refluxing was required for removal of the benzylidene acetal protection. Purification of the crude reaction mixture by silica gel chromatography (10-15 % ethyl acetate in petroleum ether, 0.1 % triethylamine) yielded 5d as a colorless oil in a 53 % yield. 
2,2-Bis(pentoxymethyl)-3-(4,4'-dimethoxytrityloxy)propanol (5e).
Compd. 5e was prepared from 4e as described above for 5a, except that refluxing was required for removal of the benzylidene acetal protection. Purification of the crude reaction mixture by silica gel chromatography (10 % ethyl acetate in petroleum ether, 0.1 % triethylamine) yielded 5e as a colorless oil in a 24 % yield. Synthesis of oligonucleotide conjugates 6a-f. The protected 2'-OMe RNA sequence 5'-GCUGCCUCCCGUAGGAGU-3' was assembled on an Applied Biosystems 392 DNA synthesizer in 1.0 μmol scale using commercial 500Å CPG-succinyl-2'-OMe-uridine support and standard phosphoramidite chemistry. To the 5'-end of the sequence, three non-nucleosidic phosphoamidite building blocks 2a-e and 6-FAM (5'-fluorescein phosphoramidite) label were attached using standard protocols for RNA synthesis. The supportbound oligonucleotide conjugates were treated with concentrated ammonia (33 % aqueous NH 3 ) at 55 o C overnight to release and deprotect the conjugate. After evaporation, dissolution in water, RP HPLC purification and desalting, the product identity was confirmed by mass analysis (Table 1 ).
